###### Strengths and limitations of this study

-   This is the first study to investigate the use of a Pop-Up for the purpose of blood pressure (BP) and intraocular pressure (IOP) measurements in a shopping centre.

-   We examined a large number of people, with a throughput of one person being tested every 10 mins in the Pop-Up.

-   Response bias and recall bias likely affect results on public awareness of IOP and BP and self-reporting of most recent examination (if any) with an optometrist.

-   We did not report on participant ethnicity or explore reasons for people not wanting to be examined.

Introduction {#s1}
============

Retail short-term sales spaces, often referred to as Pop-Ups, are a common sight in shopping centres and other public spaces. They have become a popular form of retail; in the year 2015 it was reported that over 44% of people in the UK had visited a Pop-Up within the previous 12 months.[@R1] A Pop-Up is often tailor-made to a specific space, offering a limited window of time for people to engage.[@R2] Principally, Pop-Ups aim to do something different, unusual and interesting in order to catch the attention of the public. The idea of temporary Pop-Ups for health checks has not been widely explored[@R4] and is the theme of this paper. Specifically, we investigated the measurement of intraocular pressure (IOP), and the public's awareness of IOP using a Pop-Up environment.

Glaucoma is an umbrella term for a group of degenerative conditions of the optic nerve, which can cause irreversible loss of the visual field (VF). Primary open angle glaucoma (POAG), the most common form in the UK, is a chronic, age-related disease and is often asymptomatic until it progresses to a more advanced stage.[@R5] POAG is responsible for a significant proportion of sight impairment in England and Wales.[@R6] Elevated IOP is a major risk factor for POAG[@R5] and, consequently, IOP is an important measurement in determining if a patient is at risk of developing glaucoma, otherwise known as a 'POAG suspect'. Elevated IOP is also associated with other forms of glaucoma, notably primary angle closure glaucoma, and IOP measurement is equally important in identifying these glaucoma suspects.

In the UK, IOP measurement is carried out by community optometrists as part of a routine eye examination when clinically appropriate. At the time of the study, there were joint guidelines issued by the College of Optometrists and Royal College of Ophthalmologists on the referral of glaucoma patients and glaucoma suspects into secondary care.[@R7] This guidance advised that optometrists should perform central VF assessment using standard automated perimetry, optic nerve assessment, IOP measurement using Goldmann applanation tonometry (GAT), along with peripheral anterior chamber configuration and depth assessment. Subsequent to the completion of data collection for this study this guidance has been superseded by the National Institute for Health and Care Excellence (NICE) 2017 Glaucoma guideline.[@R8] Currently, most referrals for suspect glaucoma into secondary care are the result of opportunistic case finding by optometrists; over 90% of glaucoma referrals are initiated by optometrists.[@R9]

A person's knowledge and awareness of disease, level of income and age are important factors in case finding, diagnosis, treatment adherence and prevention of a disease. This is true for both ocular[@R12] and systemic[@R14] diseases. Specifically, it has been shown that lack of awareness of the importance of regular eye examinations results in a person being less likely to visit an optometrist.[@R15] This lack of awareness and its consequences, among other barriers to visiting the optometrist, result in case finding by community optometrists being an imperfect catch-all system to detect glaucoma suspects. This explains, in part, why an estimated one-third of people in the UK with POAG remain undiagnosed.[@R17]

Our aim was to offer one glaucoma-related eye health check and one general health check. The health checks offered were limited by the restricted space of the Pop-Up. Furthermore, people were to be recruited while in shopping centres, so the health checks needed to be quickly administered. For the general health check, a blood pressure (BP) measurement was the obvious choice as it is a quick and non-invasive test. VF tests, optic disc assessment and IOP measurement were all considered for the glaucoma-related measurement. VF tests were discounted due to the size of instruments and test duration plus the challenges of controlling examination conditions (eg, illumination). Optic disc assessment was discounted as two bulky slit-lamp biomicroscopes and/or retinal imaging devices would be required and pupil dilation was not feasible. IOP measurement with hand-held, portable equipment was thought to be feasible. Importantly, it was easy to align the concept of 'pressure' with both IOP and BP measurements in order to encourage public engagement with the Pop-Up.

The primary aim of the study was to investigate the feasibility of performing IOP assessments on large numbers of the public in a shopping centre Pop-Up environment. We tested the specific hypothesis that a Pop-Up combining an IOP check with a general health check such as BP engages the public more than one offering an IOP check only. We also investigated public awareness of IOP compared with BP and the time participants self-report having last visited an optometrist for an eye examination. We describe the distribution of IOP measurements acquired using a rebound hand-held tonometer and report participants' views on the acceptability of this device.

Methods {#s2}
=======

This was a prospectively planned cross-sectional study designed to capture IOP and BP measurements in people using a Pop-Up in shopping centres throughout England. Our 'Feeling the Pressure' Pop-Up was designed for use in covered areas (). The Pop-Up comprised two private testing areas and an open reception space designed to engage the public. The Pop-Up was assembled for two consecutive working days in eight different shopping centres across England during August 2016. The Pop-Up was open between 09:00 and 17:30 on each testing day and was continuously open for testing between these times. On one day at each centre, the Pop-Up offered both BP and IOP checks, and on the other day it offered an IOP check only. The order of these days was randomised between centres, and all tests were free of charge. Results from the BP measurements are not the subject of this paper and are discussed in another report.[@R18]

![The 'Feeling the Pressure' Pop-Up.](bmjopen-2019-030523f01){#F1}

Written, informed consent was obtained from each participant prior to examination.

The 'Feeling the Pressure' Pop-Up was sited in eight different shopping centres: (initials of testing optometrists in parenthesis): Bristol, The Galleries (LAE & PC); Cambridge, Grafton Centre (LAE, PC & DJT); Coventry, Lower Precinct (LAE & PC); Northampton, Weston Favell (LAE & RS); Nottingham, Intu Broadmarsh (LAE & RS); Preston, St Georges Shopping Centre (LAE & DJT); Stoke-on-Trent, Intu Potteries Shopping Centre (LAE, DJT & AEH); Telford Shopping Centre (LAE, PC & DJT).

Adults were approached by the recruitment assistants who were student volunteers trained to explain glaucoma, IOP and BP in lay terms. Although members of the public 40 years old or older were our target population, everyone over the age of 18 years could be tested. However, IOP measurements of those younger than 40 years of age were not included in our analysis. Participants wearing contact lenses were excluded from the measurement of IOP, as the Pop-Up environment was not suitable for the removal, storage and re-insertion of contact lenses. Participants with insufficient knowledge of the English language to understand the patient information sheet and the consent form were also excluded. The hygiene regime followed by the optometrists was in line with College of Optometrists' guidance.[@R19]

On approaching a potential participant, the recruitment assistant would specifically ask, 'Do you know anything about your eye pressure?' and record the appropriate response (YES, NO or DON'T KNOW). If a participant answered 'NO' or 'DON'T KNOW', they were asked a second question as a prompt, 'Have you ever had the puff of air test at the opticians?' A positive response to this question would transfer them into the 'YES' category as this indicated that they were familiar with the test. Participants were then asked, 'do you know anything about your blood pressure?' If a participant answered 'NO' or 'DON'T KNOW', they were also asked a second question, 'Have you ever had the arm cuff test?' A positive response to this question would transfer them into the 'YES' category. Each participant was therefore allocated to a 'YES' or 'NO' category for their awareness of eye pressure and blood pressure. A number of participants independently approached the Pop-Up themselves and asked to be examined. They were asked the same questions by an assistant. Participants were then invited into the Pop-Up for the test(s).

After an invitation to be tested was accepted, the participant information sheet was discussed prior to consent being obtained by the optometrist. Then the participant's postcode, age, mobile telephone number and/or email address were recorded. A short case history was taken by the optometrist, including ocular and general health, and family history of glaucoma and systemic hypertension. For participants who were referred because of the results of the test(s), further details were subsequently obtained including full address, general practitioner (GP) details and date of birth. All participants were also asked when they had their most recent eye examination by an optometrist.

An Icare IC-100 tonometer (Icare, Helsinki, Finland) was used to measure participants' IOP in both eyes. The Icare tonometer requires no anaesthetic and has been shown to be well tolerated by patients.[@R20] The tonometer uses a disposable probe; therefore, there is no risk of cross infection. Research studies have demonstrated generally good agreement between Icare tonometry and GAT.[@R20] The Icare tonometer automatically takes six readings per eye in quick succession, with the average reading displayed as the final IOP measurement.

Referrals for elevated IOP were made in line with guidance that applied at the time of the study.[@R7] For IOP measurements above 21 mm Hg, a repeat measurement was taken. If IOP was measured above 21 mm Hg on repeat testing in either eye, the participant was referred. This was either a 'routine' referral (via the GP) for IOPs \>21 mm Hg and \<35 mm Hg or an asymmetry of IOP \>4 mm Hg between eyes, or an 'emergency' (to accident and emergency, within 24 hours) referral for those with IOP ≥35 mm Hg in either eye. Those with elevated BP were also referred in line with NICE guidelines[@R25] and these results are reported elsewhere.[@R18]

All participants tested were given their IOP and BP results on separate information leaflets specifically designed for this study. Those who declined to take part were also offered a leaflet (Wordbird Healthcare Communications Agency, London, UK; see [online supplementary material](#SP1){ref-type="supplementary-material"}).
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A random sample of participants were asked about the comfort and acceptability of the Icare. The questions asked after the IOP test were: (1) How comfortable did you find the test? and (2) How anxious did the test make you feel? Responses were recorded on a 5-point Likert scale.

All data were inputted using a tablet-based app specifically designed for this study. The tablets and subsequent data storage were password protected and encrypted. Descriptive statistics and data analysis were carried out using SPSS V.25 (SPSS Inc, Chicago).

All testing was performed by two optometrists drawn from a team of five optometrists involved across the 16 days. For each testing day there were also at least two recruitment assistants from a team of six assistants who helped recruit and gather preliminary data from the public.

Patient and public involvement {#s2-1}
------------------------------

An advisory group (AG), comprising glaucoma patients, a consultant ophthalmologist, senior optometrists and members of UK professional bodies for optometrists (The College of Optometrists and the Association of Optometrists) was established. The AG provided advice on all aspects of the Pop-Up study at regular intervals throughout the project.

Results {#s3}
=======

During the 16 days of testing, 858 people who approached the Pop-Up, or were invited to participate, gave a response to the questions about awareness of blood pressure or eye pressure. Only 163 (19%; 95% CI 17% to 22%) reported some awareness of eye pressure in contrast to 609 (71%; 95% CI 68% to 74%) who reported some awareness of BP.

From those who responded to these questions, 768 (90%) accepted the invitation to be examined in the Pop-Up. The median (IQR) age of these participants was 54 (42, 68) years and 49% were female. One hundred and fifty-four more participants attended on the combined BP and IOP days (461; 60%; 95% CI 56% to 64%) than on the IOP-only days (307; 40%, 95% CI 37% to 43%). The number of participants per shopping centre is illustrated in [figure 2](#F2){ref-type="fig"}. On average, across all sites and all 16 days, one person was examined in the Pop-Up every 10 min.

![Number of participants who attended the Pop-Up in each shopping centre stratified by day of testing; IOP test only day or both tests (BP and IOP) day. BP; blood pressure; IOP, intraocular pressure.](bmjopen-2019-030523f02){#F2}

One hundred and sixteen (15%) participants were not included in the analysis of IOP data, comprising those who declined to have their IOP measured (38 participants; 5%) or were excluded, for example if they were wearing contact lenses (eight participants; 1%) or were aged 40 years or younger (70 participants; 9%).

Median (5^th^, 25^th^, 75^th^ and 95^th^ percentile) right-eye (RE) IOP and left-eye (LE) IOP were 13 (7, 11, 15, 19) and 13 (8, 11, 15, 19) mm Hg, respectively. Mean IOP for RE and LE were 13.0 (SD of 3.3) and 13.0 (SD 3.2) mm Hg respectively. The distribution of all IOP measurements is shown in [figure 3A](#F3){ref-type="fig"}.

![IOP distributions for all 1304 eyes of 652 participants (A) and for 64 eyes of the 32 participants self-reporting ocular hypertension or glaucoma (B). IOP, intraocular pressure.](bmjopen-2019-030523f03){#F3}

Only four (0.6%) participants were referred for elevated IOP, with two having elevated IOP in both eyes, and all were routine referrals rather than emergency with measurements of 22, 22, 27 and 29 mm Hg (the eye with the higher IOP reported here for each of these four participants) ([figure 3](#F3){ref-type="fig"}B). Three of these referrals were tested on the joint BP and IOP days. All referrals were 'new' referrals and not participants who were already attending the hospital eye service (HES) for glaucoma or ocular hypertension (OHT). Out of all participants tested, 12 (1.8%) self-reported that they had OHT and 20 (3%) self-reported that they had glaucoma. For these 32 participants, median (5^th^, 25^th^, 75^th^ and 95^th^ percentile) RE and LE IOP was 15 (7, 11, 17, 21) and 14 (9, 11, 16, 20) mm Hg, respectively. The IOP distribution for these 32 individuals is shown in [figure 3](#F3){ref-type="fig"}B.

Responses to the question about the last visit to an optometrist were recorded for all 768 participants. In total 523 (68%; 95% CI 65% to 71%) participants reported having visited an optometrist within the previous 2 years and 185 (24%; 95% CI 21% to 27%) reported that their last visit was more than 2 years ago. Sixty participants (8%; 95% CI 6% to 10%) reported that they had never had an eye examination from an optometrist and 44 of these (73%; 95% CI 60% to 84%) attended our Pop-Up on the days during which we offered both BP and IOP testing. Although more participants (60%) attended on the BP and IOP testing days, this 73% figure was greater than would be expected by chance (p=0.03; comparison of two binomial proportions).

A sample of 350 participants completed the questionnaire regarding the Icare. Overall, 305 (87%; 95% CI 83% to 90%) participants rated the tonometer 'very comfortable' or 'comfortable'. In addition, 298 (85%; 95% CI 81% to 88%) reported that the Icare caused 'no anxiety' or 'little anxiety'.

Discussion {#s4}
==========

Our study has established that measuring IOP in large numbers of the public via a Pop-Up in a shopping centre is feasible. Participant throughput was high, with someone being examined every 10 minutes on average. Measuring IOP with an Icare tonometer in a shopping centre Pop-Up environment was acceptable and rated as comfortable by a large majority of participants. To our knowledge there has been no other study utilising a Pop-Up for the purpose of BP and IOP measurements. Specifically, this study has shown that more people had their IOP measured when this test was offered in conjunction with a BP test. It is assumed that our attempts to encourage people to take part were the same across each of the 2 days when the different conditions were tested. In fact, there was no active recruitment as such and the attraction to the Pop-Up at all sites, and on all days was noteworthy. Hence, our 'Feeling the Pressure' approach suggests an unfamiliar health message can be promoted by aligning it with one that the public is more conversant with, such as BP measurement. This is relevant in the context of ocular health; previous research in the UK has concluded that raising understanding about the purpose of eye examinations in terms of preventable sight loss, not just the need for spectacles, should be an important health message.[@R15]

Our simple questions posed to potential participants revealed that only one in five people reported having any awareness of IOP. Notably, these potential participants included at least 32 people already under the care of the HES for either OHT or glaucoma, who are very likely to be aware of IOP. Conversely, the majority of those questioned (71%) reported that they were aware of BP. This is the only study of which we are aware that estimates public awareness of IOP. Previous research established that good knowledge of BP influences BP control in a hypertensive population and has important public health implications.[@R27] Some interventions have been put in place in order to increase public awareness of their BP; for example, the \"Know Your Numbers\" campaign encourages adults to learn about their BP 'numbers' and to educate them on the actions that could be taken to maintain a healthy BP.[@R28] In addition, the National Health Service health check,[@R29] a targeted initiative for examining general health in older adults, includes an assessment of BP with personalised advice on how to lower BP. Educating the public regarding the importance of regular eye examinations and risk factors for glaucoma would seem a sensible public health strategy, as advocated more than 20 years ago.[@R30] Moreover, lack of awareness of glaucoma and other eye conditions has negative implications for the uptake of optometric care.[@R31] Easily accessible testing opportunities such as those in community settings or the workplace have been shown to be a strategy for identifying elevated BP in the public.[@R14] Similar strategies could be useful for assessing IOP, with the added advantage of reducing the anxiety of examination in a 'white coat' medical environment.[@R35]

It is important to note that the purpose of our study was not to diagnose glaucoma; we measured IOP only and there was no attempt to use other tests or combinations of tests with the potential to detect glaucoma. The diagnostic capability of an IOP measurement alone is poor and hence formal diagnosis of glaucoma is based on the results from an array of tests, including tonometry, assessment of the optic nerve head, VF assessment, pachymetry and assessment of the anterior chamber angle, most commonly determined by gonioscopy.[@R5] Although the diagnosis of glaucoma was not the purpose of the Pop-Up, we aimed to inform people in the shopping centres of the importance of measuring IOP and having regular eye examinations; we speculate this information could lead to possible long-term benefits in terms of their ocular health. Only four (0.6%) participants were referred routinely for elevated IOP; these were 'new' referrals and not participants who self-reported that they were already attending the HES for glaucoma or OHT. A meta-analysis found the prevalence of POAG for Europeans between 40 and 80 years old was 2.51% (1.54% to 3.89%)[@R39] and the prevalence of OHT has been estimated to be between 3% and 5% for those over the age of 40 years.[@R40] In our participants, 32 people (4.9%) who had their IOP measured self-reported that they were already under the care of the HES for glaucoma or OHT. So, our estimate of people with elevated IOP is still slightly lower than the expected percentage in a population-based study. There are at least two possible explanations for this. First, people with a diagnosis of glaucoma or OHT may be less likely to engage with a Pop-Up offering an eye pressure check and this might have influenced our estimates. Second, it is possible that the Icare IC-100 model gives systematically lower IOP measurements than GAT which is the reference standard for measurement of IOP. This bias towards lower IOP readings with this Icare model has also been observed in two other recent studies.[@R41] It was emphasised to all participants that an IOP below our referral threshold did not necessarily mean that they did not have glaucoma. Furthermore, it was stressed to all participants that the Pop-Up check was no substitute for a full eye examination by an optometrist; this message was reinforced with an information leaflet about IOP given to all participants (see [online supplementary material](#SP1){ref-type="supplementary-material"}). This advice was based on evidence that OHT cannot be diagnosed from a single IOP measurement and that diurnal variation in IOP plays an important role in its measurement.[@R43] Furthermore, it is estimated that half of those people with a diagnosis of POAG present with IOP less than or equal to 21 mm Hg.[@R17] The measurement of IOP was well accepted and tolerated by our participants. Although there are several research papers exploring older Icare models and their comparability to GAT, there is limited literature on the IC-100 model. In a systematic review evaluating different tonometers, older models of the Icare generally had good agreement with GAT, the current reference standard for IOP measurement.[@R42] Icare tonometry is widely used in community optometric practices and in some secondary care services, in particular in paediatric ophthalmology clinics.[@R45] The advantages of Icare tonometry include the portability of the device, rapid speed of measurement and the fact that there is no need to instil topical anaesthetic or fluorescein.

The Pop-Up engaged members of the public who were not routinely engaged with primary optometric care. In particular, 8% of participants self-reported that they had never previously had an eye examination from an optometrist. Our findings are not dissimilar to a survey conducted by the College of Optometrists, in which 5% of people aged over 40 years reported that they had not been for an eye examination for at least 10 years or could not recall when they had last visited an optometrist.[@R48] Interestingly, 73% of those who self-reported never visiting an optometrist attended our Pop-Up on the days on which we offered both BP and IOP testing, a significantly greater proportion than might be expected by chance even though a greater percentage of participants attended on the BP plus IOP testing days. Furthermore, out of the 38 participants who declined an IOP measurement, a large proportion (31 participants; 82%) had undergone an eye examination within 4 months of their visit to the Pop-Up. It could be speculated that these individuals did not want their IOP to be checked again as they were aware it had been measured recently by their optometrist. Both of these points further support the idea of combining an eye examination with other health checks in order to reach members of the public who may not otherwise visit their optometrist.

Although not the main subject of this report, a brief consideration of the cost-effectiveness of the Pop-Up is pertinent. Operational costs, including installation, crew, transport, site related costs and project management were 26 700 GBP for the 16 days. There were no costs for the research team who staffed the Pop-Up itself, but we assume these to be 500 GBP per day (two qualified optometrists and assistants). Therefore, each Pop-Up examination cost approximately 45 GBP per person ((26 700+8000)/768); this seems high given an appointment with a GP was recently estimated to cost approximately 30 GBP.[@R49] Moreover, we referred only four people for suspect ocular hypertension; even if they were all diagnosed as cases, which is unlikely, then the cost per detected case would be 8675 GBP. For context, a recent study assessing a GP based detection scheme in London, targeting people at high risk of glaucoma, yielded a cost per case identified with suspected or confirmed glaucoma of 9013 GBP.[@R51] Our simple calculations exclude the outlay of the designing/fabricating of the 'Feeling the Pressure' Pop-Up which was approximately 33 000 GBP. Taken together the costs per case identified in our study are high especially in relation to figures from systematic reviews of other screening and case-detection schemes.[@R52] Still, a fairer assessment of the overall cost effectiveness of the 'Feeling the Pressure' Pop-Up ought to consider our case finding of elevated BP as reported elsewhere.[@R18] In addition, willingness to pay could be considered; we collected data on this with a post-study questionnaire and this will be the subject of a further report.

There are some limitations to our study. Questioning the public on their awareness of BP or IOP may have resulted in some people answering 'NO' to this question when they did have some awareness of IOP or BP, either because they did not wish to participate in the study or did not want to be questioned further. Similarly, some members of the public may have said 'YES' to these questions when they had no awareness but did not want to appear unaware. Furthermore, when data was collected, refusal rates for each site were pooled together, so we are unable to distinguish between those who refused on IOP only testing days or those who refused on IOP plus BP testing days. Finally, some members of the public did not answer the questions regarding awareness of blood pressure or eye pressure when they were approached. It is impossible to quantify how many people avoided the Pop-Up and we have not quantified those who declined to answer the questions. Therefore, the overall response rate will be lower than the 90% documented in our results.

Furthermore, the questions asked regarding awareness of IOP and BP were very basic and superficial. Despite this, there was a clear difference between the proportions of people who reported knowing something about BP compared with knowing something about IOP. Limitations of response bias and recall bias apply to our estimates of participants self-reporting the time since their last eye examination with an optometrist. Moreover, the data obtained from the Icare questionnaire are limited to being descriptive only and we do not compare the data with other testing modalities. A further critical limitation of our study is that we do not report participant ethnicity; this could be an important drawback because glaucoma is more prevalent in certain racial groups.[@R56]

In closing, there is a public health need to increase the detection rate of glaucoma suspects; testing in targeted community settings has been suggested as a solution[@R60] and this might be facilitated by a Pop-Up approach as described in our work. This could be especially true if it could be combined with other eye health checks. We show in this novel study that it is possible to offer IOP measurements in a healthcare Pop-Up and this approach is well accepted by large numbers of the public in shopping centres, even though awareness of IOP is generally lacking. More people engaged with the Pop-Up on days when two health checks were offered, suggesting that an unfamiliar health message can be promoted by aligning it with one that the public is more familiar with. Our findings hint at strategies for public health schemes that engage the public with their eye health and promote education about the importance of regular eye examinations.
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